normal range and for quality control is investigated. The report deals with an empirical study of the properties of various statistics of patient data, and with the selection of appropriate patient statistics for calculation of the indirect normal range and for quality control.
In It has been shown repeatedly that the use of patient data for these applications has definite limitations (7) (8) (9) (10) (11) (12) (13) (14) .
Nevertheless, patient test values afford the opportunity to investigate some aspects of the normal range and of quality control that cannot be conveniently evaluated by conventional methods (15) .
For example, the conventional determination of normal ranges related to age, sex, race, season, and methodology would impose a large additional burden on the laboratory.
In these circumstances, a preliminary investigation that utilizes patient data might indicate which factors are relevant to the normal range. This would minimize the analyses that must be performed on specimens from clinically normal individuals.
In regard to quality control, the use of patient values provides an opportunity for monitoring the systematic error of the overall specimen processing procedure, including specimen collection, transport, and analysis. Since conventional quality control schemes are confined to the analytical phase of specimen processing (reference samples), the si- 
Materials and Methods
The eleven chemistry tests included in this study are listed in Table 1. Table 2 Some of these seasonal sets of data were used at a later point in the study to evaluate the detection of seasonal variation by use of patient data.
The four seasonal samples for each test were also rearranged as described in Except where noted, all samples were "smoothed" before performing any additional calculations. The smoothing procedure is described in Table 2 . Statistics related to central tendency and to various types of dispersion and shape were then computed from the smoothed samples. This is also outlined in the Table. Calculations were performed by means of Fortran IV programs written for this study and Biomedical
Computer
Programs from the University of California School of Medicine (21) .
Results

Statistics
for universal samples of patient values. Smoothing consists in reassigning values to each member of every subset of identical values within a sample of "untreated" data. The reassigned values were spread equally within an interval equivalent to the minimum reporting unit for the test and centered on the given value.
, calculated from the grouped data (19) ; based on 30 class intervals.
M31, the middle value in the segment of smallest variance (s2) in the rankordered sample; i is the segment size expressed as a percentage of the sample size. Median, equivalent to M3100. s2, the sample variance = m2, the second moment about X. a2, the estimated population variance, = (M2)(n)/n-i);
n is the sample size.
(100)(a)/X Pj, according to Herrera (20) ; j is the selected percentile. SK2 = (3) (X -Median)/s a3 = m3/s3; m3 is the third moment about X. a4 = m4/s4; m4 is the fourth moment about X. SDj,, the mean of two values, V_ and V+. V_ and V. were obtained by moving a distance ± z (in standard deviation units) from M31 in the rank-ordered sample and dividing the resulting intervals (expressed in test units) by z. The method of Pryce (1) was used to estimate the number of values in the gaussian component, i.e., twice the number of values on the "clinically normal" side of M31. Percentile, subset of was calculated according to Herrera (20) . p is the selected perunspecified shape centile. (Table 4) , there is no advantage in selecting SD75,0.50 has no effect on the mean value of the estimated dis- e Comparison is between SD50,0.50 values for samples U396,J and UG6,J. 6 Relative standard deviation (coefficient of variation). aThe terminology Is defined in Table 2 and in "Materials and Methods." The statistic preceding the colon is the quantity for which a value is given in the table. The statistic or statistics following the colon are the quantities involved in the calculation of the statistic which precedes the colon. The calculations are derived from the twelve universal samples, Uk,J = U396,, U132,j, U66,Jl. unless otherwise indicated.
-
b Sukhatme d-statistic (22) . The d-test was used in place of the f-test since it avoids the assumption that the two groups have a common variance. 
2
O Variable identification and input data are the same as for Table 6 . The stepwise linear regression program, BMD02R (21) was used. Variables1, 2, 4, 9, 10, 11, and 12 were assigned successively as the dependent variable, and variables 8, 13. and 14 were specifiedas independent variables in each case. Results of the first two steps in the analysis are given. 6 Multiple correlation coefficient. C Standard error of the estimate. "Standard error. e F levelinsufficient forfurther computation. The correlation matrix was calculated as part of the stepwise regression program, BMDO2R (21) . Thirty-three cases were used in the calculation (3 sample families, U396,J, Ui32.j. and U66.J. for each of 11 chemistry tests). The data, abbreviations, and terminology are given under "Materials and Methods" and in Tablds 2 Table 1 , and calculations and nomenclature are described under Materials and Methods and in Table 2 . Samples, Ak,j were obtained from the untreated data by adding one-fourth of the spread of the normal range = 90 for LD, = 0.50 for Ca) to every third member of samples Uk,J.
Indicates that the altered, smoothed mean value exceeds the smoothed mean value by at least [(2) (relative standard deviation of smoothed value/100) (smoothed value)], where the relative standard deviation is obtained from this Table. C Indicates a significant difference in mean values between altered, smoothed data, Ak,J, and the corresponding smoothed data, Uk,J, based on the d-test (P 0.05).
d Indicates a significant difference in variance between altered, smoothed data. Ak,J, and the corresponding smoothed data. UIC.J.based on the F-test (P 0.05).
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CLINICAL CHEMISTRY, Vol. 18, No. 12, 1972 of points on the single-result quality control chart. For glucose, this amounted to a random error of about 3 mg/100 ml in the daily measurement of the control specimen.
In patient data, the most sensitive statistic for detecting a change in dispersion is SD50,0,50 (Table 9 ), a quantity related to the spread of the normal range rather than to the method precision. In order for a random error in patient data to be detectable as a change in SD50,0,50, and by analo- In the present study, the mode is calculated as the midpoint in the segment of smallest variance in the rank-ordered sample. The segment size is 75 or 50% of the sample size, depending on the skewness in the data ( Table   4 ). 
